Pulses are normally processed prior to consumption, are high in protein, providing opportunities for improving nutritional qualities of food. Processing methods can modify nutritional properties, affecting protein content, composition and functionality. In this study, we investigated the effect of processing methods on protein concentration and yield from protein isolates prepared by alkaline solubilisation and isoelectric precipitation, from whole seed flour, raw dahl flour, roasted dahl flour and germinated flour of mungbean. Protein isolates contained protein contents ranging from 87.3 to 90.4 g 100 g -1 . The effect of processing methods on protein solubility characteristics was evident, as protein yields ranged from 75.7 (whole seed flour), 80.8 (raw dahl flour), 27.1 (roasted dahl flour) and 65.9 g 100 g -1 (germinated seed flour). Essential amino acid content was higher in protein isolates prepared from germinated flour, at 30.03 g 100 g -1 (39.1% of amino acids), compared to raw dahl flour, at 27.08 g 100 g -1 (38.3% of amino acids). A comparative proteomic analysis of protein isolates, prepared from raw dahl and germinated flour, resulted in the inferred identification of 214 proteins from protein sequence databases, in which, 72 proteins were classified as being common, 42 proteins specific to raw dahl flour and 28 proteins specific to germinated flour. Processing methods such as roasting and germination can significantly alter flour protein solubility, consequently, impacting on overall efficiency of protein extraction. The comparative proteomic analysis used in this study proved to be useful for investigating changes in protein composition and relative abundance, highlighting the potential in applying this technology for further characterisation of modified protein fractions for food applications.
Introduction
The global demand for protein is rapidly increasing due to world population growth and rising affluence in developing countries, consequently, increasing consumer demand for animal protein, resulting in significant impact on the environment (Aiking, 2011) . Increasing plant protein production is a more sustainable approach for supplying this protein in the long term. Pulses include chickpea, field pea, lupin, fababean and mungbean, are generally high in protein and also provide agronomic benefits such as fixing atmospheric nitrogen into the soil, as well as disrupting disease and weed cycles when grown in rotation with cereals. Pulses provide considerable opportunities for improving the nutritional properties in food, which can be facilitated by developing value-added functional pulse protein products with enhanced digestibility and bioavailability of amino acids for metabolism (Tharanathan & Mahadevamma, 2003; Boye et al., 2010; Nair et al., 2013; Vaz Patto et al., 2015) . 2017). Processing can be classified as being primary or secondary, with primary processing including de-hulling, splitting, flaking and milling, imparting important processing characteristics, such as particle size distribution, nutritional content and functionality. Secondary processing technologies are increasingly more diverse, consisting of a range of thermal and non-thermal processes, such as roasting, toasting, microwaving, canning, extrusion, soaking, germination (sprouting) and fermentation (Knorr et al., 2011; Sun-Waterhouse et al., 2014; Singh et al., 2015; Patterson et al., 2017) .
Pulse flours can also be fractionated for the purpose of concentrating macronutrients such as protein, dietary fibre and starch. Protein can be concentrated from pulse flours using wet extraction techniques or dry processing methods such milling, sieving and air classification, depending on the desired level of protein concentration, source of plant material, scale of operation and cost. Wet processing techniques are usually based on exploiting protein solubility characteristics, generally achieving higher protein concentration and yield, which can be facilitated using specific enzymes to enhance extraction. Traditionally, concentration of plant proteins has been carried out using methods such as alkaline solubilisation and isoelectric precipitation (Fan & Sosulski, 1974; Thompson, 1977 ). An evaluation of protein isolates prepared from sixteen mungbean cultivars, ranging from 69.2-74.9% protein, reported significant variations in functional properties (Li et al., 2010) . Wet extraction of mungbean protein has previously been evaluated by response surface methodology experiments, optimising aqueous extraction conditions, such as flour to water ratio, pH conditions, centrifugation, temperature and extraction time (Wang et al., 2011) .
Technological developments for characterising protein composition have rapidly progressed since the early days of gel electrophoresis, providing high-throughput separation, characterisation, quantitation and identification of proteins (Thelen & Peck, 2007; Matros et al., 2011) . Advances in mass spectrometry (MS) and bioinformatics provide alternate approaches for comparative proteomic analyses. Spectral counting (SC) is based on counting the number of identified peptide spectra as proxy for protein abundance (Neilson et al., 2013; Lundgren et al., 2010) . Proteins are digested with trypsin and the resulting peptide mixture is separated using liquid chromatography (LC) coupled in line with MS/MS (LC-MS/MS). Resulting spectra can then be used to search protein sequence databases to infer protein identification. More abundant digested proteins will produce more spectra, resulting in more peptides belonging to that protein being identified. The number of spectra assigned to individual proteins in a particular sample can be used to measure relative abundance (Liu et al., 2004; Zhang et al., 2006; Zybailov et al., 2007; Nielson et al., 2013) . Quality of SC data has improved with the application of normalised spectral abundance factors (NSAF), which account for the fact that longer proteins produce more spectra, which can affect measurements of relative abundance. NSAFs enable comparison of relative protein abundance in which statistical analyses can be applied (Neilson et al., 2013; Zhang et al., 2006; Zybailov et al., 2006; Zybailov et al., 2007; Mosley et al., 2009; Podwojski et al., 2010) . Further developments and applications of quantitative proteomics in plants have recently been reported (Matros et al., 2011; Mirzaei et al., 2016) .
In this study, the objective was to determine the effect of different processing methods on the production of protein isolates prepared from mungbean flours. A comparative proteomic approach was applied to selected protein isolates for characterisation of protein composition, providing a measure of the relative abundance of these proteins in protein isolates prepared from raw dahl flour and germinated flour.
Experimental

Seed Material and Processing
Mungbean whole seed material, commercially milled dahl (in kibble form), and roasted mungbean flour were provided by the Blue Ribbon Group (Richlands, QLD 4077). All seed and flour material provided for this study were produced from the mungbean variety known as Crystal, the dominant variety grown and produced in Australia. For germination, mungbean whole seeds were cleaned in absolute ethanol for 1 minute, rinsed three times with distilled water and drained. Sufficient fresh water was added to soak and imbibe the seeds overnight for 12 hours. Soaked seeds were then rinsed, drained and allowed to germinate for 48 hours in a controlled incubator (22 °C). Germinated seeds including hulls were oven dried at 50 °C on trays to remove excess moisture content. Dried seeds were thrashed in a 2 mm screen sieve to remove the seed shoots. Whole seed, dahl (kibble) and germinated seed samples were milled to flour using an Alpine pin mill. Processed mungbean flours were designated herein as whole seed (MWF), raw dahl (MDF), roasted dahl (MRF) and germinated (MGF).
Wet Processing of Mungbean Flours
Alkaline solubilisation and isoelectric precipitation was used for the preparation of protein isolates (Wang et al., 2011) . Mungbean flour was suspended in water pre-heated to 35 °C (1:10 w/v) and the pH was adjusted to pH 9 using NaOH and mixed thoroughly for 30 min using a magnetic stirrer. The slurry was centrifuged at 12,000 × g for 20 minutes using a Sorvall Lynx 400 laboratory centrifuge. The alkaline supernatant, containing soluble protein, was decanted and transferred to a clean beaker, adjusted to pH 4.5 using HCl and allowed to mix for 10 min. Precipitated protein was recovered by centrifugation at 12,000 × g for 20 minutes, collected, oven dried at 60 °C, weighed and ground for analysis. Protein extractions were carried out in duplicate for each flour sample and average results reported.
Protein Content and Nitrogen Solubility
Nitrogen content was determined by the Dumas method using a LECO TruMac protein analyser (AOAC Official Method 992.23) or by Kjedahl, using a FOSS Kjeltech 8400 instrument (AACC Method 46-12.01). Nitrogen to protein conversion factor of 6.25 was applied. Moisture content was determined according to AOAC Official Method 925.10 and AACC Method 44-15.02. For nitrogen solubility, 1g of flour sample was suspended in water (1:10 w/v) and the pH was adjusted to the desired value. The suspension was mixed on a magnetic stirrer for 30 min and then centrifuged at 3,200 × g for 20 minutes. Supernatants were decanted and aliquots were analysed in duplicate by Kjeldahl method. Average nitrogen content of the supernatant was used to calculate nitrogen solubility.
Amino Acid Analysis
Samples were subjected to 24 h liquid hydrolysis in 6 M HCl at 110 °C. During hydrolysis, asparagine is hydrolysed to aspartic acid and glutamine is hydrolysed to glutamic acid. The reported amount of aspartic acid and glutamic acid is the sum of their respective components. Both cysteine and tryptophan are destroyed under these hydrolysis conditions and were analysed separately. Cysteine analysis was carried out using performic acid oxidation followed by 24 h gas phase hydrolysis at 110 °C. Tryptophan analysis was carried out by 24 h liquid hydrolysis in 5 M NaOH at 110 °C. After completion of hydrolysis, all amino acids (AAs) were analysed using the Waters AccQTag Ultra chemistry on a Waters Acquity UPLC. Samples were analysed in duplicate and average results were reported.
Comparative Proteomic Analysis
Samples were solubilised in 50 mM triethylammonium bicarbonate buffer containing 0.5% SDS and probe sonicated, reduced (using dithiothreitol) and alkylated (iodoacetamide). Samples were digested with trypsin for 16 hours at 37 °C. SDS was removed from digested samples using a detergent removal kit followed by a C18 clean up, then dried down, resuspended in 0.1% formic acid and used for analysis. Analysis was carried out by reversed phase nano-LC directly coupled in line with a MS/MS system (LC-MS/MS). Samples from each fraction were separated over 90 minute gradients using an Easy Nano LC 1000 (Thermo Scientific). Samples (10 μL) were injected onto an 'in house' packed solid core Halo C18 100 μm × 3 cm peptide trap column and desalted with 20 μL of 0.1% formic acid. The peptide trap was switched on line with the C18 75 μm × 10 cm analytical reversed phase column. Peptides were eluted from the column using a linear solvent gradient, step-wise from 5-25% of buffer [99.9% (v/v) acetonitrile, 0.1% (v/v) formic acid] for 80 min, 25-85% of buffer for 2 min and then held at 85% for 8 min at a flow rate of 300 ηL/min across the gradient.
The column eluate was directed into a nanospray ionization source of the QExactive mass spectrometer (ThermoScientific) and a 1.5 kV electrospray voltage was applied via a liquid junction upstream of the column. Resulting spectra were scanned over the range 350-2000 amu. Automated peak recognition, dynamic exclusion, and MS/MS of the top ten most intense precursor ions at 30% normalised collision energy were performed. The LC-MS/MS spectra were searched using the MS software Mascot (Matrix Science, London, UK), against the Mungbean reference genome (NCBI Vigna radiata Annotation Release 100) containing 35143 entries (Kang et al., 2014) . Peptides were identified with a 1% false-discovery rate from a concatenated forward-reversed database search. Significant peptide matches were exported and samples compared using NSAF with the program referred to as "SCRappy" (Neilson et al., 2013) . Proteins with p-values < 0.05 following Student's T-Test of NSAF were considered to be differentially expressed between groups.
Results and Discussion
Effect of Processing on Production of Mungbean Protein Isolates
Wet extraction of processed mungbean flours produced protein isolates (PI), designated herein as MWF-PI, MDF-PI, MRF-PI and MGF-PI. Protein (on dry basis) of the starting flour material, as well as protein (as-is basis) and extraction yield of the respective PIs, is reported in Table 1 . Protein content was similar for PIs, ranging from 87.3 to 90.4 g 100 g -1 , for MDF-PI and MRF-PI, respectively, however, there were marked differences in extraction yield. The highest protein yields were reported for MWF-PI and MDF-PI, at 75.7 and jas.ccsenet.
g 100 much lowe
Nitrogen s the variati significant precipitatio high temp solubility, hence, dry investigate to MRF-P germinatio nitrogen so , comprising of 38.3 and 39.1% of total AAs, respectively. Germination resulted in a slight increase in essential AA content for MGF-PI, however, in this study, seeds were germinated for 48 h and germinating for a longer time period may produce more changes in composition. 
Comparative Proteomic Analysis of MDF-PI and MGF-PI
A comparative proteomic approach was applied for characterising protein composition and relative abundance in MDF-PI and MGF-PI. Mass spectra generated from this analysis were used to search protein sequence databases, resulting in the inferred identification of 214 proteins, in which, 72 proteins were classified as being common to both PIs, 42 proteins were specific for MDF-PI and 28 proteins were specific for MGF-PI. Identified proteins were compared for relative abundance and reported in terms of average SC and NSAF values (from triplicate MS analysis of a single sample), matching protein description and the identifiable database accession (Table 3) . Ratios of NSAFs (MDF-PI/MGF-PI) were reported for comparison of the relative abundance of proteins classified as common for both MDF-PI and MGF-PI. Statistical significance was calculated using t-test p-values and proteins with a p-value of < 0.05 were considered significantly different between groups and highlighted in bold. However, the interpretation of the data is limited due to the fact that the proteomic analysis is carried out on a single sample of each protein isolate due to the costs associated with this type of analysis. All identified proteins containing < 5 SC were filtered from the dataset and not reported, except for those comparisons in which at least one of the samples contained a value of > 5 SC. Protein identifications classified as being specific only for MDF-PI or MGF-PI are reported in Table 4 . It should be noted that the absence of a specific protein in either protein isolate does not conclusively mean that protein is not present in the sample. It can only be concluded that the abundance level is too low to be measured on 5 or more occasions as our reporting criteria.
The most abundant proteins identified for both MDF-PI and MGF-PI were globulin storage related proteins (Table 3) . Mungbean globulins have previously been purified, characterised and estimated to comprise mostly of the 8S globulin protein (~90%), with the remainder consisting of the 11S and 7S globulin protein (Mendoza et al., 2001; Liu et al., 2015) . Both the 8S and 7S globulins were shown to cross-react with antibodies to all three types jas.ccsenet.org Vol. 9, No. 12; 2017 6 of soybean conglycinin (8S, 8S' and 8S isoforms), however, there was no cross-reactivity of mungbean globulins with antibodies to soybean glycinin. N-terminal AA sequences of the purified globulins were also found to exhibit strong sequence homology to storage proteins of other pulses (Mendoza et al., 2001) . The 8S globulin storage protein consists of three distinct isoforms (8S, 8S' and 8S isoforms), reportedly containing high sequence homology (Bernardo et al., 2004) . However, in this study, the globulin storage proteins reported in Table 3 were predominantly identified as beta-conglycinin beta chain-like, as well as the alpha chain-like form.
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Other storage proteins identified were glycinin G4-like and basic 7S globulin 2-like proteins. In any case, these highly abundant storage proteins do not change very much between the two protein isolates.
There were a total of 8 proteins (p < 0.05) that were significantly different in relative abundance (highlighted in bold in Table 3 ). The main difference occurring between MDF-PI and MGF-PI is that the level of protein folding and stabilisation proteins is going down in MGF-PI, which may be expected as the seed is beginning to germinate. Proteins like dehydrins and chaperones present in the seeds are there to stabilise the enzymes as the seed begins the germination process, however, these particular proteins may be expected to disappear or turnover during the early stages of this process, which is reflective in the protein composition and relative abundance of these isolates. 
Conclusion
This study provided significant information on the composition of protein isolates prepared from processed flours milled from a commercial Australian mungbean variety (Crystal). Processing methods were shown to impart significant differences on protein yield, which can have an economical impact in large-scale wet processing. Understanding the impact of different processing methods on protein concentration, composition, solubility, as well as other functional attributes is important for producing value-added high protein fractions for food applications. Innovative wet and dry processing of pulses such as mungbean, combined with comparative proteomic analysis tools for measuring protein composition and relative abundance, will provide an effective platform for producing concentrated protein fractions with enhanced nutritional qualities and functionality. This study provides a foundation for further research focussed on reducing anti-nutritional factors, increasing protein digestibility and the bioavailability of nutrients from pulses. Increasing nutritional qualities and associated health benefits of value-added pulse products could potentially lead to wider consumer acceptance and increased consumption, which in turn, will contribute to the future sustainability of food production and the supply of protein.
